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This  paper  investigates  comparative  information  advantage  for
foreign  and  domestic  institutions  on  Taiwan’s  index  options  by
examining  the  intraday  information  content  of  limit  orders  placed
by  foreign  and  domestic  institutions,  respectively.  The  height  and
length  of  limit  order  book  provided  by either  foreign  or domestic
institutions  exhibit  predictive  power  on  subsequent  price  changes
in  options,  especially  for  put  options.  The  information  advantage
is more  signiﬁcant  for  foreign  institutions  with  respect  to both
call  and  put  options.  On  the  other  hand,  the results  are  mixed
when order  imbalance  is used  as  the  proxy  of  information  on
limit  order  book.  Foreign  institutions  outperform  domestic  insti-
tutions  for  put  options,  not  call  options.  Order  imbalance,  ignoring
differential  aggressiveness  of limit  orders,  fails to  capture  compar-
ative  information  advantage  for  foreign  institutions.  The  superior
information  advantage  for foreign  institutions  persists  during  the
ﬁnancial  tsunami  of  2008–2009  and  periods  of  substantial  price
changes.
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1. Introduction
Our paper examines whether the foreign institutional investors (hereafter FII) outperform domestic
institutional investors (hereafter DII), in predicting the subsequent prices of options written on the
Taiwan Stock Exchange Capitalization Weighted Stock Index (symbol as TXO). TXO are all traded
electronically and order-driven, having a daily average of more than 390,000 contracts, i.e., 68% of
the total daily trading volume on the Taiwan futures market during our sample period. Both FII and
DII are found to be informed traders (Grinblatt & Keloharju, 2000; Kalev, Nguyen & Oh, 2008; Tsai,
2013), but FII are much market-wide-informed traders on emerging stock markets (Bae, Stulz, & Tan,
2008) rather than ﬁrm-speciﬁc-informed traders.2 Therefore, we  would like to study whether the FII
outperform the DII by trading TXO, written on the iconic market-wide equity index on the Taiwan
stock market.
Except for the high liquidity of TXO, we choose option markets based on three reasons: ﬁrst, the
payoff of the options is nonlinear with the underlying asset, thus trading in option markets call for
more skills compared with the stock market; second, options provide an approach to trade volatility
of the underlying in addition to direction information; third, both fundamental theories and empir-
ical evidence show that the informed traders prefer to trade in the option markets due to leverage,
unlimited short sales and lower transaction costs (Black, 1975; Pan & Poteshman, 2006). Therefore,
option markets provide a better venue to compare the relative performance between FII and DII.
The existing literature has focused mainly on whether FII and DII are informed traders rather than
on their price predicting ability. Lee, Lin, and Liu (1999) demonstrate that the large DII conduct the
most informed trades using the Top 30 stocks listed on Taiwan Stock Exchange. Kalev et al. (2008) say
that FII mainly advances in analyzing the market-wide information rather than public-ﬁrm speciﬁc
information. They classify the Helsinki Stock Exchange stocks into three groups: the single-listed,
cross-listed and internationally well-known stocks. The return on internationally well-known stocks
appears to be the least information asymmetric among different types of investors. Their empirical
results show that the local investors (including DII) perform better for the stocks in the ﬁrst two
groups, while in the long run foreign investors seem to have a better performance the internationally
listed stocks such as Nokia. With respect to their trading behavior around earnings announcement,
the results of Seasholes (2000) also support the superior performance by the foreign investors.
With respect to the option markets, Chang, Hsieh, and Lai (2009) use the put-call ratio to predict the
return and ﬁnd that FII have better predictive power. Chang, Hsieh, and Wang (2010) subsequently
follow the method of Ni et al. (2008) and show that FII possess the strongest and the most direct
volatility information.
The related papers mainly concentrate on the relationship between the information ﬂow of insti-
tutional investors and the subsequent stock returns (Bae et al., 2008; Froot, O’Connell, and Seasholes,
2001; Grinblatt and Keloharju, 2000; Kalev et al., 2008). Chang et al. (2009, 2010) extend to examine
the order ﬂows placed by FII and DII and on the Taiwan option market. Cont, Kukanov, and Stoikov
(2014) show that order books contain more information than trade books do as in Engle and Lunde
(2003) in term of price movement predictability. Chou and Wang (2009) further utilize the orders
submitted by investors on the Taiwan futures market and show FII and proprietary ﬁrms are more
likely to be informed and often place orders with strategy.
Our option data set consists of intraday order and trade data. We  follow the methods of Cao, Hansch,
and Wang (2009) to restructure ﬁve best quote bid and ask prices and their corresponding positions
on the limit order book (hereafter LOB) of TXO for all types of investors. With the description statistics
and the empirical results of the autoregression tests shown on Section 4, the optimal time interval is
chosen to be 5 s. Stepwise height, length and order imbalance variables are used to predict the changes
in TXO prices. The height is deﬁned as the price difference between adjacent steps prices of LOB on
the same long (or short) quote side, the length as the quote position on every step, thus generating ten
2 Prior studies such as Lee et al. (1999) and Tsai (2014) show that certain retail investors are better informed in the Taiwan stock
market. Chen et al., (2014) also document a positive relationship between aggregate retail investors’ trading and subsequent
abnormal stock returns for dividend announcements in Taiwan.
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height and ten length variables. Length variables are proxies for the market depth, and the long (or
short) side with comparative greater market depth contributing to more aggressive orders, and thus
leading further price movements (Cao et al. 2008; Holliﬁeld et al. 2004).
There are two ways to compute the order imbalance variable in order to predict the TXO price
movements. A larger order imbalance may  signal private information of market makers, thus leading
their quotes change (Lee et al. 2004). Our empirical results show that the order books of FII and DII
help to predict the change in TXO call and put option prices. FII are found to outperform DII for both
call and put options with the height and length variables as proxies of the information of their order
books. While with the order imbalance variable, the superior performance of FII persists only for TXO
put.
The rest of the article is organized as follows. In Section 2, we detail the data and deﬁne the crucial
variables. The methodology is presented in Section 3, and the empirical results are shown in Section
4. Section 5 concludes the paper.
2. Data and variables
2.1. The data
The TXO order book on the Taiwan Futures Exchange (hereafter TAIFEX) is comprised of intraday
order and trade data from January 2, 2007 through November 30, 2011. Order and trade books include
the order submission and trade time, investor class (including individuals, FII, DII and market makers),
contract type (call/put), option type (TXO, TEO and TFO, etc.), expiry month, strike prices, long or short
direction, bid or ask price and position (quote volume), and contract type.
The average daily trade volume for TXO was 391,464 contracts, about 67.8% of total trade volume
in TAIFEX during the mentioned sample period. Among the total trade volume of TXO, FII contribute to
about 6.1% with daily average of 23,320 contracts. The rule to choose the sample options on every single
day is based on maturity and strike price. The sample options are the nearby call and put options with
the strike prices, related to the one with the largest trading volume among the mentioned nearby
contracts on that sample day. To remove the expiry effect, every nearby option, with the days to
maturity less than 5 days, is replaced by the next nearby option contract, as its daily trading volume
is less than that of the next nearby option contract as done in Taylor (2004).
2.2. The variables
We  restructure the LOB of the sample options with a ﬁxed time interval. The orders are assumed
to be placed at the same time in a given time interval by referring the method of Bessembinder
and Venkataraman (2004). We  restructure ﬁve best quote bid and ask prices and their corresponding
positions on the LOBs for all types of investors. With the description statistics and the empirical results
of the autoregression tests shown on Section 4, the optimal time interval is chosen to be 5 s.
The average of the best bid and ask prices is taken as the instantaneous market price for computing
the logarithmic return because the trades on Taiwan futures market are conducted order-driven, and
it is hard to identify the trade executed is initiated by the short or the long.
The formula of the logarithmic return is set as follows:
Pmt =
PSt + PBt
2
(1)
Rt = ln
(
Pmt
Pmt−1
)
× 100% (2)
where PBt and P
S
t represent the best bid and ask prices at time t, respectively. P
m
t represents the market
price, and Rt denotes the return at time t.
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Referring to the method of Cao et al. (2009), we  deﬁne the variables of price change, stepwise
height, length and order imbalance as below, which are applied to reading the information between
the lines on the order book.
PBt,j = PBt,j − PBt,j−1 j = 2, 3, 4, 5 (3)
PSt,j = PSt,j − PSt,j−1 j = 2, 3, 4, 5 (4)
where PB
t,j
(PS
t,j
) denotes the price of the jth best bid (ask) at time t. PB
t,j
(PS
t,j
) (j = 2, 3, 4, 5) represents
the height of the jth step, deﬁned as the difference between the jth and (j − 1)th step prices on the
long (short) side.
The length of each step on both sides is denoted as QS
t,j
and QB
t,j
(j = 1, 2, 3, 4, 5) deﬁned as the total
number of shares across all orders of step j.
Given the relation between order imbalance and subsequent price movement on Chordia, Roll, and
Subrahmanyam (2002), Boehmer and Wu  (2006) and Cao et al. (2009), we  compute the stepwise order
imbalance. The formula of the stepwise order imbalance variable is given by:
QRt,j =
QS
t,j
− QB
t,j
QS
t,j
+ QB
t,j
j = 1, 2, 3, 4, 5 (5)
where QS
t,j
and QB
t,j
(j = 1, 2, 3, 4, 5) are deﬁned as the length.
We deﬁne “Spread” as the difference ratio of the best ask and bid prices in given time interval,
“Spread” working as a control variable for the effects of the top of the LOB by referring to Cao et al.
(2009).
Spread = P
S
1 − PB1
PS1 + PB1
(6)
3. Methodology
To study the relative performance between FII and DII, We  examine the information content of the
reconstructed order books, and then concentrate on whether the FII outperform DII in terms of the
subsequent returns on call and put options, respectively.
What is the appropriate time interval? The optimal time interval is chosen to be 5 s, which is the
one determined by the analysis of description statistics and the empirical results of the autoregression
tests on Section 4.
Predicting the logarithmic return Rt is equivalent to forecasting the prices of call and put options
at time t, due to time (t − 1) prices being given. Following the method of Cao et al. (2009), we examine
the stepwise order information in the Taiwan TXO market by running the time series regression to
examine the ﬁrst step.
Rt = c +  ˇ · Xt−1 +  ˛ · Ct + εt (7)
where Rt denotes the return over the period (t − 1, t), Xt−1 the variable vectors constructed from the
LOB including stepwise height, length and order imbalance variables at time t − 1, and Ct being the
rest of other variables affecting the return. Here we use the lagged option returns in order to control
for the autocorrelation effect on the intraday returns. If the information of the LOB can be applied to
predicting the TXO price movements, the null hypothesis of  ˇ = 0 is rejected.
With the LOB, we can also implicitly test the existence of ﬂeeting orders as mentioned on Hasbrouck
and Saar (2009). Lin, Kuo, and Chen (2014) shows that the existence of ﬂeeting orders and the quantity
of orders canceled is exceeds that of order executed. Chou and Wang (2009) further ﬁnd that FII often
place orders with strategy to conceal their motives. The mix  of strategic and nonstrategic orders could
devour the predicting power of orders on a given step. For example, if the variables implied from the
third steps show few signiﬁcant coefﬁcients, we  could claim the third is mainly exposed to ﬂeeting
orders in a conservative way.
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Table 1
Description statistics for the cumulative executed portions in a given time interval.
Date 5′′ 10′′ 20′′ 30′′ 60′′ 120′′ 300′′ 900′′
2007 63.52 69.02 74.96 78.17 83.36 87.82 92.37 96.11
2008  67.33 72.63 78.47 81.57 86.32 90.14 93.91 96.99
2009 63.99 69.27 75.27 78.61 83.90 88.36 92.87 96.49
2010 61.98 66.87 72.44 75.73 81.15 86.00 91.12 95.48
2011  63.31 68.34 73.81 76.98 82.09 86.63 91.46 95.62
2012  58.70 63.54 69.24 72.71 78.54 83.87 89.64 94.71
We  analyze the relation between the height and length variables at time (t − 1) and the return Rt. A
smaller P  on the long (short) side can increase the likelihood of executions of the orders for both put
and call. Furthermore, the height and length variables represent the depth the order book. Holliﬁeld,
Miller, and Sandas (2004) and Cao et al. (2009) document the evidence that the side with greater depth
can attract more aggressive orders, which pushes the price of an option moving further to the same
direction. Cao et al. (2009) argue that the stepwise QR is negatively related to the future price change
of the security resulting from the supply and demand mechanism.
Our second issue involves the differentiated roles between the FII and DII. The return regressing
against the above variables derived from the order books of FII and DII, respectively, the time series
model is as follows:
Rt = c +  ˇ · Xit−1 +  ˛ · Ct + εt (8)
where Xit−1 represents the vector of height, length and order imbalance variables.
4. Empirical results
4.1. Description statistics of order information ﬂow time
The optimal time interval for computing the return depends on how long it takes from the time an
order is submitted to the time when it is ﬁrst executed (partially or completely). A longer interval can
decrease the observations, while a very short interval may  correspond to a slight price change. Harris
and Panchapagesan (2005) choose a 15-min interval while Cao et al. (2009) choose ﬁve minutes. We
must strike a balance between the number of observations and the scale of price change.
To determine the optimal time interval for reconstructing the order book, we  summarize the accu-
mulated percentage of submitted orders which have been matched on the other side orders in several
speciﬁed time intervals.
With the description statistics shown in Table 1 and the empirical results of the autoregression
tests done in the next section, the 5-s interval is set to be the optimal one because the ﬁrst column
indicates that 60% or more of newly placed orders are executed in 5 s. If the time interval were set to
be 20 s, the executed orders amount nearly to 80%. A longer time interval only brings a small increase.
The last three columns reveal that the increase in executed orders is far less than that for the time
interval. This implies that the majority orders for TXO can either be executed in a short time or in a
long period. The description statistics of Table 1 show a stable pattern for years 2007–2012.
4.2. Autoregression tests
When conducting the predicting tests we use the lagged returns as control variables. To determine
the lags, we run autoregression tests against the returns. An optimal time interval is in need. The time
lags are closely related with the frequency as it determines the number of observations. Based on these
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Table 2
The predictability of height variables for the subsequent returns on call and put options (*, **, and *** indicate signiﬁcance at
the  10, 5, and 1 percent level, respectively).
Con Spread PS2 P
S
3 P
S
4 P
S
5 P
B
2 P
B
3 P
B
4 P
B
5
Call
5 s −0.0038*** −0.0238*** 0.0017*** −0.0002 −0.0002 −0.0003 0.0015*** −0.0009*** −0.0002 −0.0003
15  s −0.0027 0.0371*** 0.0070*** −0.0009 0.0083** −0.0064 0.0024*** 0.0035 −0.0027 0.0004
20  s −0.0017 0.0312*** 0.0072*** −0.0008 0.0077 −0.0082 0.0025*** 0.0005 0.0025 −0.0009
30  s −0.0054 0.0399*** 0.0079*** −0.0013 0.0144** −0.0095 0.0025*** 0.0021 −0.0013 0.0009
60  s 0.0027 0.0525*** 0.0088*** 0.0000 0.0104 −0.0216 0.0026*** 0.0046 0.0024 −0.0076
Put
5  s −0.0017*** −0.0146*** 0.0017*** −0.0005*** −0.0001** −0.0002*** 0.0015*** −0.0004*** −0.0001 −0.0003***
15 s −0.0106** −0.0006 0.0040*** 0.0021 0.0001 −0.0009 0.0018*** 0.0040* −0.0050 −0.0048**
20 s −0.0116** −0.0040 0.0046*** 0.0028** −0.0003 −0.0012 0.0019*** 0.0037 −0.0067* −0.0023
30  s −0.0092* 0.0088 0.0032*** 0.0021 −0.0012 −0.0009 0.0016*** 0.0026 −0.0092 −0.0034
60  s −0.0072 0.0065 0.0033*** 0.0014 0.0012 −0.0036 0.0016*** 0.0049 −0.0106 −0.0036
reasons, we conduct the AR regression using returns calculated from the LOB of 5 s, 15 s, 20 s, 30 s and
60 s, respectively. The AR model is as follows:
Rt = ı0 +
n∑
i=1
ıiRt−i + εi (10)
where Rt denotes the logarithmic return. We  ﬁrst set n = 1; if the coefﬁcient of Rt−1 is signiﬁcantly dif-
ferent from zero, we continue to add Rt−2 and so forth until the (Rt−m) with an insigniﬁcant coefﬁcient,
and then we set n equal to m − 1.
Our empirical results show that the AR model go with three time lags, except for the 20-s time
step, which appears to be only two time lags. To unify the regression analysis, we choose the AR(3)
model to control for the autoregression effect of return (Cao et al., 2009; Chang et al., 2010).
4.3. Overall market empirical results
This section is aimed to analyze the empirical results, and to tell whether the information content
of the reconstructed order books of FII and DII can be applied to predicting the subsequent returns.
Lin, Tsai, Zheng and Qiao (2015) show that different types of investors have their own  preference
for the option type. Besides, not all investors trade the most liquid options, for example, some small
individuals with their budget constraints. Some individuals would trade out of the money options
rather than near the money ones. Thus, two  independent regressions for call options and put options
are run separately.
We assesses whether the height variables beyond the spread at time (t − 1) can predict the subse-
quent returns on call and put options at time t, respectively. The model is
Rt = c + ˇ0 · Spreadt−1 +
5∑
j=2
ˇSj P
S
t−1,j +
5∑
j=2
ˇBj P
B
t−1,j +
3∑
i=1
˛iRt−i + εt (11)
The variables are deﬁned as in Section 2. The empirical analysis gives insight view of the height
variables of different order steps in predicting subsequent returns (Table 2).
Consistent with the results of Cao et al. (2009) in Australia stock market and Lin, Tsai, Zheng, and
Lung (2013), the height variables contribute to predicting option’s return, with even controlling the
effect the Spread. Only the coefﬁcients of P2 and P3 show signiﬁcantly positive for the call option,
the remainder seem to provide little useful information for subsequent price movements. A longer
horizon (15 s and 30 s) corresponds to those for PS2, P
D
2 and P
S
4. If moving forward to an interval
of 20 s or 60 s, the coefﬁcients show the same patterns as in the 5-s interval.
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With respect to put options, almost all variables can signiﬁcantly predict their future price changes,
but their signs exhibit mixed results: only the second step provides the desired positive sign. Larger
spans of 15 s and 20 s correspond to the additional PB3 and P
S
3, respectively.
The above analysis shows that the ﬁrst three step orders can provide useful information for the
future price changes of options, conﬁrming the information content of limit orders (Bloomﬁeld, O’Hara,
& Saar, 2005; Easley, O’Hara, & Srinivas, 1998); in the meantime, only the second step exhibits desirable
and robust results. This may  derive from some investors’ order placement strategies.
Second, we examine whether step length variables help to predict its subsequent returns. Intuition
suggests that a larger QS (QB) may  drive the option price downward (upward) because of excess supply
(demand) pressure. The empirical results may  provide insight into the differentiated contributions of
each step. The empirical results are shown in Table 3.
The results in Table 3 show that the length variables exhibit profound predictive power. If moving
forward with a longer term, the number of variables with signiﬁcant coefﬁcients declines sharply.
These ﬁndings appear to be the same for both call and put options, implying the stepwise quantity
variables show the best predictive power.
With respect to the differentiated roles of stepwise orders, we  observe that only the ﬁrst step
order provides the desirable sign result. In addition, Q1 is related with a longer predictive interval. An
interesting phenomenon is that the second order quantity variables offer less signiﬁcant coefﬁcients
than the third ones among our ﬁve intervals, which accords with the results of Cao et al. (2009). We
attribute this to the order submission strategy of investors. To reduce the price impact, the strategic
investors may  place orders on the other side to conceal their intensions. The majority of such spoof
orders are canceled within a few seconds. The above results show that spoof orders do exist in the
TXO market, and they prefer the relatively less liquid steps like the second and third steps.
Third, we then examine whether order imbalance contributes to predicting future short-term
returns. Despite the research analyzing the impact of order imbalance around speciﬁc events (Chan &
Fong, 2000), Lee, Liu, Roll, and Subrahmanyam (2004) and Cao et al. (2009) apply order imbalance in
stock markets. We  now try to include order imbalance in predicting option prices.
Rt = c +
5∑
j=1
ˇj · QRt−1,j +
3∑
j=1
˛j · Rt−j + εt (13)
The empirical results are presented in Table 4.
Consistent with what to happen on equity markets as shown in Chordia et al. (2002); Chordia and
Subrahmanyam (2004); Ning and Tse (2009), the results also show that order imbalance variable is
very important in predicting option returns on the Taiwan options market, especially in a 5-s interval
with 10 signiﬁcant coefﬁcients.
If we focus on the stepwise order imbalance, we ﬁnd the ﬁrst step QR1 can predict the price change
of call and put options with expected coefﬁcient sign for a period lasting 60 s, which is longer than that
for the height and length variables. This derives from the fact that order imbalance combines both the
price and quantity information of the limit orders. And the predictive period deﬁned as the longest
period in which the coefﬁcients show signiﬁcant notation decreases with steps forward. Thus, order
imbalance regression suggests that the information contained in the stepwise listed order book for
predicting future price changes is most in the ﬁrst step and decreases along the book.
Finally, to examine the joint predictive power of the total information content of the reconstructed
order books, we put all the variables together in order to test whether their coefﬁcients deliver
desirable results.
Rt = c + ˇ0Spreadt−1 +
5∑
j=2
ˇSj P
S
t−1,j +
5∑
j=2
ˇBj P
B
t−1,j +
5∑
j=1
ˇSj Q
S
t−1,j
+
5∑
j=1
ˇBj Q
B
t−1,j +
3∑
j=1
˛jRt−1 + εt
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Table 3
The predictability of stepwise length variables for future short-term returns of call and put options (*, **, and *** indicate signiﬁcance at the 10, 5, and 1 percent level, respectively).
Call Put
5 s 15 s 20 s 30 s 60 s 5 s 15 s 20 s 30 s 60 s
Con −5.65E−04*** −3.91E−03** −4.37E−03** −4.11E−03 −4.69E−03 3.61E−04** 1.13E−03 7.48E−04 1.42E−03 2.46E−03
QS1 −2.97E−06*** −2.99E−06*** −7.13E−07 −2.56E−07 −1.28E−06 −6.80E−07*** −5.89E−06 −9.36E−07 −2.31E−07 −1.11E−07
QS2 2.50E−06*** 4.57E−08 1.91E−07 2.13E−07 −5.87E−07 4.30E−07 3.45E−07 3.01E−07 2.00E−07 1.56E−07
QS3 2.24E−06*** −2.28E−06 −8.45E−07 −4.04E−07 −6.62E−07 1.70E−06*** −1.10E−07 1.54E−07 −2.19E−08 −2.70E−08
QS4 1.6E−06*** 1.76E−08 2.23E−07 3.22E−07 −4.17E−07 2.32E−06*** −1.76E−06 −1.04E−06** −6.10E−07 −4.01E−07
QS5 4.46E−06*** -2.69E−06 −7.24E−07 −1.16E−06 −4.73E−07 3.54E−06*** 8.51E−07 3.55E−07 3.93E−07 2.97E−07
QB1 2.59E−06*** 3.83E−06*** 2.65E−06*** 1.42E−06*** 1.81E−06*** 4.48E−06*** 1.60E−06 5.60E−07 1.64E−07 1.21E−07
QB2 −8.26E−07*** 1.00E−06 1.85E−07 7.78E−09 2.32E−07 −7.29E−06*** −6.71E−07 −3.64E−07 −1.73E−07 −2.60E−07
QB3 −1.47E−06*** −1.26E−06** −1.04E−06** −5.01E−07 8.22E−08 −1.00E−06 2.22E−06*** 7.86E−07** 6.17E−07** 3.62E−07
QB4 5.86E−07 2.09E−06 6.43E−07 2.99E−07 4.43E−07 −1.23E−06** −9.37E−07 −1.82E−06** −5.41E−07 −6.69E−08
QB5 −2.40E−06*** 2.57E−06 1.24E−06 8.36E−07 1.00E−06 −1.29E−06** −5.42E−06*** −2.13E−06 −3.25E−06*** −2.23E−06
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Table 4
The predictability of stepwise order imbalance for future short-term returns of call and put options (* , * * , and * * * indicate
signiﬁcance at the 10, 5, and 1 percent level, respectively).
Con QR1 QR2 QR3 QR4 QR5
Call
5 s 0.0004** −0.0027*** 0.0028*** 0.0011*** 0.0012*** 0.0004*
15 s −0.0027* −0.0346*** −0.0075*** 0.0028 0.0060** −0.0022
20  s −0.0028* −0.0036*** 0.0002 −0.0006 0.0000 −0.0010
30  s −0.0036 −0.0343*** −0.0153*** −0.0012* −0.0002 −0.0001
60  s −0.0043 −0.0354*** 0.0000 −0.0001 0.0003 0.0000
Put
5  s 0.0007*** −0.0029*** 0.0008*** 0.0013*** 0.0017*** 0.001***
15 s −0.0011 −0.0021*** −0.0034*** −0.005*** 0.0010 0.0025
20  s −0.0015 −0.0011* −0.0005* −0.0006 0.0002 0.0009
30  s −0.0012 −0.0239*** −0.0170*** −0.0001 0.0007 0.0000
60  s 0.0003 −0.0242*** 0.0205*** −0.0012** 0.0001 0.0000
Table 5 shows the predictive performance of height and length variables for both the long side and
the short for call and put options, respectively. Height and length variables represent the depth condi-
tions of the LOB. According to the research of Cao, Hansch, and Wang (2008) and Ranaldo (2004), the
current depth conditions of the order book can affect investors’ subsequent order-placing decisions.
If the long side is associated with greater depth, subsequent aggressive bid orders are appealing, thus
exerting an upward price pressure. Similar results apply to the long side. However, height and length
differ in depth analysis: the side with smaller P  and larger Q corresponds to the one with more depth.
First, we ﬁnd that only PS2 can provide a desirable direction of all short side variables, and it persists
well in all our research periods for both call and put TXO options. This highlights the assertion that
the ﬁrst step contains the most useful information. Second, PB2 shows a different sign. We  think that
this derives from the asymmetrical order submission pattern on the buy and sell sides, as shown by
Ranaldo (2004). Shefrin and Statman (1985) argue that investors would rather cut the stock positions
as quickly as possible when earning a proﬁt, while waiting for a price reversal when facing a loss.
However, few signals for reversal can drive the normal logic. This intuition is evinced by the fact that
the remaining long side height variables present the desirable direction.
For the length variables, we ﬁnd similar results for the regression including only length variables.
The ﬁrst step on either side presents the expected result, while the rest display inconsistent conclu-
sions. We  attribute these phenomena to the strategic order submission strategy. We  also argue that
it is obvious, especially on emerging markets.
The above analysis is applied for both call and put options, which share a common pattern. In terms
of the appropriate time step, the regression results also support the 5-s interval.
In sum, we choose to reconstruct the intraday LOB on TXO. There are three reasons supporting our
decision. First, Table 1 shows that more than 60% of orders can be matched in 5 s during our sample
period. Second, in the following empirical tests on predicting option returns, we  ﬁnd that a 5-s interval
provides the most desirable results. Third, we  use the return series lags to control for autocorrelation
of the high frequent return series. Based on the above analysis, we  employ an AR(3) model. The AR(3)
model can extend the order waiting time to four times of the base time step, i.e. 20 s (we  denote
the base time step as 5 s). After balancing the size of price change and number of observations, we
reconstruct the LOB every 5 s, during which period more than 60% of orders are executed.
4.4. Empirical analysis across institutional investors
FII are generally considered to be good at collecting and analyzing the market wide conditions.
The underlying of TXO is Taiwan Stock Exchange Capitalization Weighted Stock Index. If they do
have better access to overall market information, their orders can convey better predicting power. In
addition, options payoff is nonlinear in the underlying index value calling for more professional skills.
Thus, the LOB reconstructed from the orders by FII contains more information about the subsequent
price change.
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Table 5
The predictability of joint height and length for future short-term returns of call and put options (*, **, and *** indicate signiﬁcance at the 10, 5, and 1 percent level, respectively).
Call Put
5 sec. 15 s 20 s 30 s 60 s 5 s 15 s 20 s 30 s 60 s
Con −0.0047*** −0.0103** −0.0135** −0.0134** 0.0006 −0.0016*** −0.0064 −0.0068 −0.0051 −0.0037
Spread  −0.0266*** 0.0142 0.0033 0.0185 0.0391** −0.0146*** −0.0096 −0.0137 −0.0002 −0.0016
PS2 0.0018
*** 0.0069*** 0.0070*** 0.0077*** 0.0087** 0.0017*** 0.0040*** 0.0047*** 0.0032*** 0.0032***
PS3 −0.0001 −0.0011 −0.0011 −0.0014 0.0000 −0.0005*** 0.0019 0.0026 0.0020 0.0013
PS4 −0.0001 0.0045 0.0030 0.0098 0.0040 −0.0001 −0.0009 −0.0016 −0.0019 0.0006
PS5 −0.0003** −0.0027 −0.0027 −0.0044 −0.0190 −0.0002*** −0.0016 −0.0017 −0.0012 −0.0038
PB2 0.0015
*** 0.0025*** 0.0026*** 0.0026*** 0.0027** 0.0015*** 0.0018*** 0.002*** 0.0016*** 0.0016***
PB3 −0.0009*** 0.0008 −0.0013 −0.0001 0.0036 −0.0004*** 0.0048** 0.0045 0.0032 0.0056
PB4 −0.0002 −0.0022 0.0008 −0.0007 −0.0006 −0.0001 −0.0051 −0.0062 −0.0088 −0.0103
PB5 −0.0004** −0.0008 −0.0035 −0.0007 −0.0069 −0.0003*** −0.0042** −0.0016 −0.0028 −0.0030
QS1 −3.01E−06*** −2.09E−06** −6.49E−07 −3.21E−07 −1.22E−06 −8.49E−07*** −4.08E−06 −2.09E−07 −2.80E−08 −2.18E−09
QS2 3.14E−06*** 1.93E−06** 7.17E−07 3.93E−07 −6.86E−08 6.15E−07*** 3.67E−07 3.04E−07 2.08E−07 1.71E−07
QS3 2.40E−06*** −5.46E−07 1.02E−07 2.52E−07 7.26E−08 9.55E−07** −3.39E−08 3.20E−07 7.51E−08 3.25E−08
QS4 1.30E−06** 1.55E−06 6.08E−07 7.21E−07 6.86E−08 2.40E−06*** −2.03E−06 −1.1E−06** −6.68E− −4.59E−07
QS5 2.45E−06*** −3.99E−06** −1.45E−06 −1.37E−06 −4.26E−07 1.59E−06*** 2.68E−07 −1.52E−07 6.94E−08 3.37E−08
QB1 4.24E−06*** 4.15E−06*** 3.39E−06*** 1.82E−06*** 1.92E−06*** 6.39E−06*** 2.51E−06*** 8.70E−07** 2.90E−07 2.23E−07
QB2 −6.86E−07** 3.55E−07 4.84E−08 −6.58E−08 −4.42E−08 −9.38E−06*** −1.18E−06 −5.51E−07 −2.18E−07 −3.36E−07
QB3 −1.88E−06*** −2.35E−06*** −1.47E−06*** −6.39E−07** −2.06E−07 6.34E−07 4.26E−06*** 1.66E−06*** 1.09E−06 6.44E−07
QB4 4.37E−07 1.04E−06 1.90E−07 −6.79E−08 −2.46E−07 −1.67E−06*** −3.3E−06*** −3.4E−06*** −1.35E−06 −7.10E−07
QB5 −4.36E−06*** −3.55E−07 −2.2E−07 −7.4E−08 2.3E−08 −1.27E−06** −6.5E−06*** −3.E−06** −3.52E−06 −2.4E−06**
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Table 6
The relative predictive performance between FII and DII (*, **, and *** indicate signiﬁcance at the 10, 5, and 1 percent level,
respectively).
Call Put
FII DII FII DII
Con −0.0004** 0.0002 0.0009*** 0.0004***
Spread 0.0013* 0.0005 0.0022*** 0.0011***
PS2 −7.24E−05*** 4.54E−06 −1.27E−04*** 4.17E−07
PS3 −7.18E−06 −4.71E−06 1.45E−05** −1.39E−05**
PS4 −2.43E−06 −6.23E−05* 7.57E−06 −2.55E−06
PS5 2.52E−05 -3.30E−05 −5.1E−05** −5.23E−06
PB2 −7.16E−06 −1.70E−06 −1.86E−05*** −3.18E−06*
PB3 2.39E−06 7.83E−06 −2.13E−05*** 1.48E−06
PB4 −3.90E−06 1.09E−05 −1.22E−05 1.52E−06
PB5 5.79E−06 6.02E−06 −2.64E−05*** 6.23E−06
QS1 6.43E−06 1.59E−05 3.31E−05*** −1.34E−07
QS2 −6.05E−06 −4.90E−05 −1.83E−05*** 1.11E−05
QS3 1.40E−05*** 3.15E−05 −2.90E−06 −4.31E−05*
QS4 1.53E−05*** 4.18E−05 4.28E−05*** 5.31E−05
QS5 −1.16E−05* −1.27E−06 1.04E−05 6.88E−05
QB1 8.71E−06 1.84E−06 −3.71E−06 1.73E−05***
QB2 7.43E−06 −4.68E−07 5.82E−06* 3.74E−05***
QB3 1.45E−05** −5.27E−06 −5.69E−06 2.04E−07
QB4 4.22E−05*** 4.68E−05 3.38E−07 −5.38E−06
QB5 −1.84E−05*** −0.0001 −1.36E−06 4.57E−05
R2 0.4096 0.4091 0.3839 0.3828
Table 7
The relative predictive performance between FII and DII with order imbalance (*, **, and *** indicate signiﬁcance at the 10, 5,
and  1 percent level, respectively).
Call Put
FII DII FII DII
Con −2.3E−06 5.9E−4*** 0.0005*** 0.0006***
QR1 0.0005 −0.0003 −0.0008*** 0.0008***
QR2 0.0005 0.0023*** 0.0008** 0.0004
QR3 −0.0011** −0.0009 0.0010** −0.0011
QR4 0.0011 0.0017 0.0009 0.0020***
QR5 −0.0003 −0.0004 0.0010* −0.0008
R2 0.4091 0.4091 0.3821 0.3820
The above results show that the variables constructed from the LOB do have predictive power for
the option’s future price. We  then use the method above to reconstruct the LOB of the option contract
with maximum daily trade volume for FII and DII every 5 s, and compute the variables deﬁned in
Section 2. The empirical results are displayed in Tables 6 and 7.
The prediction regression as is follows:
Rt = c + ˇi0Spreadit−1 +
5∑
j=2
ˇS,i
j
PS,i
t−1,j +
5∑
j=2
ˇB,i
j
PB,i
t−1,j +
5∑
j=1
ˇS,i
j
QS,i
t−1,j
+
5∑
j=1
ˇB,i
j
QB,i
t−1,j +
3∑
j=1
˛jRt−1 + εt (15)
where i = {FII, DII}.
The ﬁrst and third rows show that the number of coefﬁcients with signiﬁcance for FII exceeds that of
the overall market, supporting their better predictive power. In addition, an unexpected phenomenon
appears: DII seem to perform worse than the overall market because of the insigniﬁcant coefﬁcients
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Table 8
The relative performance of FII and DII during 2008 Financial Tsunami period (*, **, and *** indicate signiﬁcance at the 10, 5,
and  1 percent level, respectively).
Call Put
FII DII FII DII
Con 8.52E−05 −0.0002 -0.0002 0.0005
Spread 0.0009 0.0054 0.0092*** −0.0013
PS2 6.46E−05*** −4.15E−08 0.0001*** 1.40E−05
PS3 −3.00E−05 2.13E−05 3.20E−06 −9.96E−06
PS4 1.01E−06 −5.65E−05 1.45E−05 −2.00E−05
PS5 4.28E−05 −1.66E−05 3.37E−05* 2.80E−05
PB2 −1.11E−06 3.51E−06 −7.54E−06 −4.24E−06
PB3 1.59E−05 1.72E−07 1.26E−05 1.19E−05
PB4 6.17E−05*** 1.63E−05 1.01E−05 2.91E−06
PB5 4.07E−05 −1.34E−05 −5.05E−07 1.62E−05***
QS1 2.64E−06 2.27E−05 3.08E−05*** −2.06E−07
QS2 −5.70E−06 −5.76E−05 −1.67E−05*** −2.36E−06
QS3 1.36E−05** 5.12E−05 2.70E−06 −1.56E−05
QS4 1.48E−05** 2.29E−05 3.71E−05*** 1.19E−05
QS5 −1.18E−05 −2.23E−06 1.31E−05 6.13E−05
QB1 4.43E−06 1.65E−06 −6.25E−06 1.72E−05***
QB2 6.32E−06 −5.30E−07 4.20E−06 3.48E−05***
QB3 9.90E−06 −2.91E−06 −2.66E−06 2.46E−07
QB4 4.16E−05*** 0.0002** 2.53E−07 −2.20E−05
QB5 −1.49E−05 −0.0002 −2.87E−07 0.0001
R2 0.4098 0.4092 0.3842 0.3823
for the height and length variables derived from the order book of DII. The probable reason results
from the tax system in the Taiwan futures market. Individual investors are free from a capital gains tax,
which encourages some DII to trade like individuals in Taiwan futures market. These DII are partially
responsible for such a result.
Second, the R2 displayed in Table 6 shows that the order book information for FII institutions can
better predict the subsequent returns of the overall options market. The ﬁnding is consistent with
Chang et al. (2009), in which they ﬁnd that FII have superior information using transaction data of
TXO.
To examine whether order imbalance shows differentiated effects on predicting overall market
returns, we perform similar regressions as (13) by replacing order imbalance with corresponding
investors’ LOB as above. The empirical results are as follows.
From the perspective of R2, it is difﬁcult to judge which type performs better; the order imbalance
regression exhibits distinct results. The order imbalance variables seem to perform poorly in predicting
the future price change for call options, while showing good results for put options.
Among the signiﬁcant coefﬁcients, only the QR1 from FII exhibits the expected sign. The remainder
with unanticipated signs reveals the heavily used spoof strategies. Lin et al. (2013) ﬁnd that institutions
have a higher portion of canceled orders. This suggests that the excess return gained by FII may  derive
from two factors: their information advantage and their order submission strategy.
4.5. Empirical tests in different market conditions
FII are superior in analyzing information and in investment strategies according to the macro-
economic conditions (Chang et al., 2010). To gain robust results, we run regressions in two cases to
compare the relative performance of DII and FII.
4.5.1. Financial crisis conditions
Our data set includes the ﬁnancial crisis period, providing an opportunity to examine whether FII
possess superior capacity in the emerging market as the theory has suggested. The VIX for TXO began
to increase signiﬁcantly on September 15, 2008 and reached its maximum point on October 28, 2008.
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Table 9
The relative performance of FII and DII in predicting large price changes (*, **, and *** indicate signiﬁcance at the 10, 5, and 1
percent level, respectively).
Call Put
FII DII FII DII
Con −0.0004 −0.0018 0.0040** 0.0025*
Spread 0.0001 −0.0047 0.0091** 0.0040*
PS2 0.0001 0.0000 0.0001
** 3.23E−05
PS3 3.28E−05 0.0002 5.50E−05 −1.99E−05
PS4 −2.18E−04* −5.45E−05 5.33E−05 −5.74E−05
PS5 −2.16E−05 −7.19E−05 8.54E−05 4.99E−06
PB2 9.05E−05 1.46E−05 −6.34E−05* −7.28E−06
PB3 5.08E−05 3.83E−05 −1.15E−04* 2.25E−05
PB4 3.67E−05 4.83E−05 −6.12E−05 2.35E−05
PB5 5.11E−05 8.47E−05 −5.85E−05 2.85E−05
QS1 9.17E−06 0.0002* 4.33E−05 −4.10E−07
QS2 −3.21E−05 −0.0007* −8.68E−06 −4.36E−05
QS3 6.06E−05* 0.0025*** 1.13E−05 −0.0005**
QS4 −1.51E−05 −0.0017 7.96E−05* 0.0002
QS5 3.39E−07 0.0008 −9.97E−06 0.0005
QB1 2.03E−05 0.0003** −1.08E−05 1.79E−05***
QB2 −3.56E−06 −0.0002 2.48E−07 0.0010***
QB3 2.84E−05 −0.0001 −5.22E−05* −1.54E−05
QB4 4.40E−05 0.0017** 3.58E−06 −0.0016
QB5 −6.57E−05* −0.0019** −1.65E−06 0.0007
R2 0.4090 0.4092 0.3172 0.3162
It was not until September 17, 2009 that it had declined to its average level before the ﬁnancial crisis.
This sample period covers 252 trading days, ranging from September 15, 2008 to September 17, 2009.
TXO trade volume dropped sharply in during the 2008 Financial Tsunami period. The direct con-
sequence is that the height and depth of the LOB can be larger, which may  be not good for predictive
power. However, this provides a perfect venue for assessing the relative performance between FII and
DII in an extreme market condition.
Table 8 shows that FII perform slightly better than DII for both call and put options. In other words,
FII tend to do better in extreme market conditions. In addition, compared with the results displayed
in Table 8, there are fewer signiﬁcant coefﬁcients with expected signs. This means that the height
and length variables seem to contain less information for the market-wide option future short-term
returns for both call and put options. Thus, the performance of these variables relies partially on the
trading volume. It is interesting to further examine it using data.
4.5.2. Empirical tests with conditional information
Investors on the Taiwan futures market always tend to place the same type of orders. Thus there is a
high probability that the higher predictive power results from investors’ momentum trading strategy
rather than their information on hand.
We would like to study whether FII can keep outperforming DII as the market becomes more
volatile, and set a series of dynamic threshold values to obtain a larger price change in an attempt
to compare their relative performance in predicting meaningful price changes. The process involves
sample selection: the return is selected in the series once it is larger than the previous one. Our
regression model is as follows.
Rt |Rt−1 = c + ˇi0Spreadit−1 +
5∑
j=2
ˇS,i
j
PS,i
t−1,j +
5∑
j=2
ˇB,i
j
PB,i
t−1,j +
5∑
j=1
ˇS,i
j
QS,i
t−1,j
+
5∑
j=1
ˇB,i
j
QB,i
t−1,j +
3∑
j=1
˛jRt−1 + εt (16)
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Where Rt−1 denotes the lagged return. The dynamic threshold value M is set as the median of all the
past returns. M contributes to selecting more meaningful price change for our empirical examination
with conditions |Rt−1| > M.  The relative performance in predicting larger return results is displayed in
Table 9.
We ﬁnd that the price and quantity information of the books of FII and DII can still predict the future
value of options. Overall, the number of coefﬁcients with signiﬁcance declines sharply compared with
the results in Table 7. The results imply that the orders submitted by FII and DII contain limited
information about future price changes. From the perspective of their relative performance, we  see
differing results. FII seem to perform better in put options, while DII performance for call options
depends on two criteria: the number of signiﬁcant coefﬁcients and the R2.
5. Conclusion
This paper uses a unique and extremely comprehensive dataset which can construct intraday LOB
provided by each investor group. We  follow the method of Cao et al. (2009) to reconstruct the LOB
for the TXO in ﬁxed time interval. Given the LOB, we  calculate information variables including height,
length and order imbalance to examine comparative information advantage for foreign and domestic
institutions. Our empirical results show that the three information variables exhibit predictive power
on subsequent price changes of call and put options. The predictability of future price changes is most
signiﬁcant in a 5-s interval, suggesting that relevant information is reﬂected in options prices in a
longer interval.
Taking into account of differential aggressiveness of limit orders at various steps, the height and
length of the reconstructed LOB can better capture the comparative information advantage of FII. The
information implied from FII’s LOB, including the height and length, has greater predictive power on
subsequent price changes of call and put options. On the other hand, when using order imbalance as
the proxy of information on the LOB, inconsistent results exist for call and put options: the superior
performance of FII persist for the puts, while there is no signiﬁcant difference between FII and DII
for the calls. Moreover, this paper conducts two  robustness tests. First, as our sample period covers
the ﬁnancial tsunami of 2008–2009, we examine possible effects of the crisis on the results. Second,
we select relative large price changes as new dependent variables to study which investor group can
better predict signiﬁcant large price changes. Our conclusions hold in both robustness settings.
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